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Immunoglobulin G (IgG) antibodies to Pseudomonas aeruginosa surface antigens in serum were estimated by
enzyme-linked immunosorbent assay for all patients from whom P. aeruginosa was isolated for the first time
during a study period of 3 years (33 patients). The titer of IgG antibodies was greater than control values at
or up to 24 months before the first isolation of P. aeruginosa in 24 patients. Another five patients had titers that
were within the control range before isolation of P. aeruginosa but increased to above the control range within
the following 2 months. In these 29 patients, continuing intermittent isolations of P. aeruginosa were
accompanied by further increases in titer. The presence of a systemic immune response above the control range
indicates tissue invasion and hence infection. Four patients were deemed to have no infection: one or two
isolations of P. aeruginosa were accompanied by no increase in specific antibodies to above the control range
throughout the entire study period. Fifteen patients received intravenous antipseudomonal chemotherapy.
Eradication of the organism and a return of titer to control values, suggesting complete removal of the
organisms, occurred in 5 patients, while continued isolations and only a partial decrease in titer occurred in 10
patients. The 15 patients who received treatment improved clinically, in contrast to untreated patients, whose
clinical state worsened during the study period. Continuous steroid treatment, given to two patients, was
accompanied by a dramatic decrease in both serum IgG concentration and titer, despite continuing intermittent
isolations of P. aeruginosa. These results confirm and extend our earlier finding that this assay appears to detect
P. aeruginosa infection at a very early stage and helps in differentiating between early infection and harmless
colonization. It also appears to be a useful monitor of the progress of infection and the response to intravenous
antibiotic treatment in these early stages of infection, before any clinical changes are sufficiently large to be
detected, in patients who were not on continuous steroid therapy. The effect of steroid treatment on the
immunological response and clinical outcome of patients with early P. aeruginosa infection requires further
investigation.

Lung infection by Pseudomonas aeruginosa remains a
major cause of morbidity and subsequent mortality in cystic
fibrosis (CF) patients (12, 16). Despite the advent of effective
anti-pseudomonal antibiotics, once the organism is estab-
lished in the lungs it is extremely difficult to eradicate.
Interpretation of the bacteriological results of sputum cul-
tures can be difficult, particularly when several organisms
are isolated. When present in sputum cultures, organisms
may be considered indicative of harmless, nonpathogenic
colonization or of infection. In addition, two other problems
may be encountered: organisms present in low numbers may
be overlooked in mixed cultures, and in the absence of
chronic pulmonary infection, many CF patients produce
little or no sputum, so that respiratory cultures are based on
throat or cough swabs. The results of throat and cough swab
cultures may give an inaccurate picture of the bacteriology in
the lower respiratory tract. We have previously described an
enzyme-linked immunosorbent assay (ELISA) that detected
free immunoglobulin G (IgG) antibodies to cell surface
antigens of P. aeruginosa in serum. The contribution of
cross-reacting antibodies (directed primarily against other
gram-negative organisms) to the assay was negligible (5).
Titers in CF and non-CF patients with no known P. aerugi-
nosa infection were low, while high titers were associated
with chronic P. aeruginosa infection and correlated with
poor clinical state (3).

In this paper we present our findings on the use of this
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assay in a prospective study on all CF patients from whom
P. aeruginosa was isolated for the first time during a study
period of 3 years.

MATERIALS AND METHODS

Patients. The patients included in this study were all CF
patients from whom P. aeruginosa was isolated from respi-
ratory cultures for the first time during a study period of 3
years. The patients attended the pediatric and adult CF
clinics in our hospital. All had characteristic features of the
disease and had had at least one positive sweat test (7). Their
age range was 1 month to 27 years, and there were 20
females and 14 males. Serum samples were taken surplus to
requirements for other tests.

Overall clinical status was measured by the Shwachman
score (17). A maximum of 25 points were awarded for each
of the following: nutrition, general activity, physical exami-
nation, and chest X-ray film. A worsening condition is
indicated by a lower score. Chest X-ray films were assessed
by the Chrispin-Norman score (6). The possible scores were
O to 38, with an increasing score indicating increasing
abnormality.

Microbiology. Sputum or cough swab samples were col-
lected from all patients. The number of specimens per
patient varied from 5 to 30 annually during the study period.
The proportion of specimens from each patient that were
sputum samples was 66 to 100% (mean, 74 + 10%). Patients
with an unproductive cough were asked to cough, and the
back of the oropharynx was touched with an alginate swab
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and used as a cough swab. Sputum was collected from
patients with a productive cough after physiotherapy and
processed as follows.
Sputum samples. Sputum was deemed suitable for culture

if it was purulent or mucopurulent. The whole sample was
digested at 37°C for 30 min with an equal quantity of
dithiothreitol (Sputasol; Oxoid Ltd., Basingstoke, Hamp-
shire, United Kingdom) to give a 1:2 dilution. The following
plates were inoculated with a 10-puI sample of digested
sputum. (i) Sabouraud (Oxoid Ltd.) agar containing genta-
micin (60 Fig/ml; Nicholas Laboratories Ltd., Slough, Berk-
shire, United Kingdom) and colistin (13 ,ug/ml; Pharmax,
Bexley, Kent, United Kingdom) was used for selective
isolation of yeasts and fungi. (ii) Mannitol salt agar (Oxoid
Ltd.) containing 7.5% sodium chloride was used for selective
isolation of Staphylococcus aureus. (iii) Heated blood agar
(Oxoid Ltd.) containing bacitracin (10 ,ug/ml; Calbiochem,
c/o Cambridge Bioscience, Cambridge, United Kingdom)
was incubated anaerobically to isolate Haemophilus spp. (iv)
Columbia blood agar (Oxoid Ltd.) was incubated in 5% C02
as a general culture medium. (v) For the isolation of pseu-
domonads and differentiation of colonial variants, the di-
gested sputum was diluted 1:50 in peptone water (Oxoid
Ltd.) to give a final dilution of 1:100. Ten microliters of this
dilution was inoculated onto a 12-cm2 plate (RossLab, Mac-
clesfield, Cheshire, United Kingdom) filled with heated
blood agar containing bacitracin (10 ,ug/ml). The inoculum
was spread over one-third of the surface of the plate with a
sterile swab. Two stroke lines were made to the center third
ofthe plate and spread with another swab. This was repeated
for the lower third as before. The use of the larger plate and
this spreading technique improve the separation of colonies
for further serological typing, antibiotic susceptibility test-
ing, and identification. All plates were examined after 24 and
48 h of incubation. Isolates showing different colonial mor-
phology after 48 h of incubation were selected and tested for
susceptibility to antibiotics. The strains of Pseudomonas
isolated were identified by means of the API 20NE system of
biochemical reactions (API Products Ltd., Basingstoke,
Hampshire, United Kingdom) and serotyped when neces-
sary with the international serotyping antiserum (Difco Lab-
oratories, East Molesley, Surrey, United Kingdom). Anti-
body susceptibility testing of pseudomonads was performed
by using the breakpoint technique of Mast Laboratories,
Bootle, Merseyside, United Kingdom. Adatabs of individual
antibiotics were mixed with DST agar (Oxoid Ltd.) to give
the following concentrations: gentamicin, tobramycin, and
ciprofloxacin, 2 and 8 ,ug/ml; ceftazidime, 4 and 16 ,ug/ml;
amikacin, 8 and 32 ,ug/ml; azlocillin and piperacillin, 16 and
64 ,ug/ml; and colistin, 4 ,ug/ml. After incubation for 24 h at
37°C, isolates were deemed resistant if they grew in neither
concentration and partially resistant if they grew only at the
lower concentration of antibiotic, in accordance with the
Mast Laboratories handbook. The antibiotic susceptibility of
non-Pseudomonas isolates was tested by using a conven-
tional disk method: disks of the above eight antibiotics
(Oxoid Ltd.) were placed on a lawn of a single organism.
Growth after 24 h of incubation at 37°C was compared with
that of the standard strain (NCTC 10662). (vi) Pseudomonas
cepacia selective medium (Mast Laboratories) was inocu-
lated from the digested sputum (1:100 dilution). The plate
was examined daily for 3 days. Suspect colonies were
identified by the API 20NE system of biochemical reactions
(API Products Ltd.). P. cepacia was never isolated from this
group of patients.
Cough swabs. Cough swabs were inoculated directly on

Columbia blood agar, incubated at 5% C02, and onto two
heated blood agar plates containing bacitracin (10 pug/ml) for
aerobic and anaerobic cultures, respectively.
Serum. All samples were stored at -20°C until immedi-

ately before use.
ELISA. IgG antibodies to P. aeruginosa cell surface

antigens were measured by ELISA as described previously
(3, 5). Seven strains of P. aeruginosa with serotypes 1, 3, 6,
9, 10, and 11 and a strain that could not be serotyped were
used (11). These strains constituted the majority (86%) of
isolates from CF patients in our unit (5).

Briefly, each serotype was grown overnight on blood agar
plates at 37°C, removed in 10 ml ofphosphate-buffered saline
(PBS), and then washed three times in PBS. Polystyrene
microtiter plates (Immulon grade A; Dynatech) were coated
overnight at 4°C with a suspension of cells (1010 CFU/ml) in
PBS containing 0.3% (vol/vol) methylglyoxal (Sigma).
Bound cells were fixed with glutaraldehyde (0.5%, vol/vol)
for 30 min at room temperature, and unbound sites were
blocked by 1% bovine serum albumin (Sigma Chemical Co.
Ltd., Poole, Dorset, United Kingdom) in PBS. A single
serotype was used on each plate.

Test serum was diluted 1:1,000 or 1:10,000 in PBS-1%
bovine serum albumin and incubated in triplicate for 75 min
at room temperature. After washing, goat anti-human IgG
(,y-chain specific) conjugated to horseradish peroxidase
(Zymed Laboratories Inc., South San Francisco, Calif.),
diluted 1:2,000, was incubated for 2 h at room temperature.
The enzyme substrate solution contained orthophenyldia-
mine (0.5 mg/ml) (Sigma Chemical Co.) in citrate phosphate
buffer (2.43 ml of citric acid [0.1 M], 2.57 ml sodium
phosphate [0.2 M], and 5.0 ml of distilled water). The
reaction was stopped after 2 min by adding H2SO4 (0.1 M)
(B.D.H. Ltd., Poole, Dorset, United Kingdom) and the A492
was read in a Dynatech plate reader (Dynatech Laboratories
Ltd.). Wells containing no adsorbed antigen or no test serum
were included in each plate and gave an absorbance of
<0.10. A standard curve on each plate was used to calculate
the titer. This covered the full range of absorbance between
0.1 and approximately 1.8, equivalent to a serum titer of 140
and above (3, 4).
The coefficient of variation for intra-assay measurements

(10) of a single serotype was 1 to 5%. The coefficient of
variation of interassay measurements (10) of the sum titer
was 4 to 10%, which is in agreement with the variation of the
sum titer obtained by multiplying the maximum intra-assay
variation of 5% for a single serotype by V/7.

Statistics. Student's t test (10) and Kendall's rank correla-
tion test (18) were used for analysis. The level of significance
was 0.05 for two-tailed analysis.

RESULTS

Diagnosis of the beginning of P. aeruginosa infection. P.
aeruginosa was isolated for the first time from the respira-
tory tracts of 33 CF patients during a 3-year study period.
Twenty-four of these patients had an antipseudomonal

IgG antibody titer between 304 and 990 either at the first
isolation of P. aeruginosa or up to 24.5 months before this
event (Fig. 1). Previous work in our laboratory has shown
that in patients without CF who have had no known infection
by P. aeruginosa, the upper limit of titers with statistical
confidence limits of 99.9% (mean plus 3.291 times the
standard deviation [SD]) was 270 (3, 5). Hence, these 24
patients had titers greater than the control range up to 2
years before isolation of P. aeruginosa from the respiratory
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TABLE 1. Titer of IgG to P. aeruginosa in patients with CF
before and after the beginning of intermittent isolation

from the respiratory tracta

Before P. aeruginosa After P. aeruginosa
isolation isolation

Patient Age S
no. (yr) ex Time before Time after

first isolation IgG titer first isolation IgG titer
(mo) (mo)

1 10 Female 15 <140 1 410
7 <140
0.5 <140

2 9 Female il <160 8 300
17 720

3 2 Male 20 250 1.25 265
1.5 1,000

4 1 Male 12 <240 0.75 330
2 520

S 9 Male 20 220 0.25 760
a IgG titer refers to the sum titer in serum samples to seven strains with

serotypes 1, 3, 6, 9, 10, and 11 and a strain that could not be serotyped.

tract. There was no correlation between antipseudomonal
IgG titer and length of time before isolation of P. aeruginosa
for the entire group of patients. When serial samples were
available from individual patients before isolation of P.
aeruginosa, they showed an increase with time, but the rate
of change varied in different patients (Fig. 1).
Another five patients had titers within the control range at

times during the 20 months before the first isolation of P.
aeruginosa, but during the 2 months following the first
isolation, the titer had increased to greater than control
values (300 to 1,000, Table 1).
The presence of a specific systemic immune response,

above the normal range, was considered to imply tissue
invasion and to indicate that the patients were either suf-
fering or about to develop early infection.

Finally, P. aeruginosa was isolated between one and five
times from fortnightly or monthly respiratory cultures from
four CF patients, during study periods of 10 to 36 months.
IgG titers in serum before (0 to 14 months) and after (2 to 7
months) P. aeruginosa isolation were within the control
range in these four patients (Table 2). The IgG concentration
in serum of these patients was also within the normal range
throughout the study period. The absence of a systemic
immune response was therefore considered to imply that
these four patients were not infected but rather transiently
colonized.

Effect of i.v. antipseudomonal therapy. Fourteen of the 29
patients with putative P. aeruginosa infection did not re-
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FIG. 1. Titer of IgG antibody to P. aeruginosa in serum of CF
patients before and after the first isolation from the respiratory tract.
Single serum samples were available for 19 patients and serial
samples were available for 5 patients. The titer is the sum of
individual titers of antibody to strains with serotypes 1, 3, 6, 9, 10,
and 11 and an untypeable strain. The arrows indicate the time of first
isolation of P. aeruginosa. The upper limit of controls (300) is the
statistical confidence limit of 99.9% (mean + 3.291 times SD) plus
10% interassay error.

ceive treatment. They were clinically well and developed no

new signs or symptoms of infection. P. aeruginosa contin-
ued to be isolated intermittently (38 to 71% positive speci-
mens). Serial serum samples were available from seven
patients. The titer increased from an initial value of 360 to
720 to 2,200 to 9,400 approximately 1 year later (Fig. 2A),
and their clinical state deteriorated slightly during this period
(Table 3).

Fifteen of the 29 infected patients were given intravenous
(i.v.) antipseudomonal treatment once or twice within 1 to 4
months of the beginning of intermittent isolations of the
organism. Treatment was prompted by the development of
new minor signs and symptoms of infection, such as a new

cough or a slight increase in the severity of cough and feeling
slightly unwell. Clinical parameters indicated a slightly
worse initial clinical state in patients who were given such
treatment than in those who were not, but no difference was
statistically significant (Table 3).
There were two types of response to treatment. P. aeru-

ginosa continued to be isolated intermittently (26 to 76%

TABLE 2. Titer of IgG antibody to P. aeruginosa in patients with CF before and after transient isolation from the respiratory tract

Before
No. of cultures Sampling isolation After P. aeruginosa isolation serum (g/liter)Patient Age Sex positive/no. duatpion(mo)tio

no. (yr) tested duration (mo)esbetter mo tIgG mo mo without positive Actual Normal
titer titer saperange

1 1 Male 1/17 10 <140 1 <140 0 14 3.32 3-13
<140 6 3.32 3-13

2 8 Male 3/25 27 <240 10.5 < 160 16 22 9.63 5-16
3 6 Male 5/61 36 NSa NS <170 11 17 8.6 5-16
4 4 Female 1/13 11 <160 16.5 <190 7 14 5.08 5-16

<170 3 8.55 5-16

a NS, No sample available.
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FIG. 2. Longitudinal studies on CF patients with early P. aeru-

ginosa infection. P. aeruginosa was isolated intermittently for 1 to
10 weeks before time zero. i.v. treatment, if applicable, began at
time zero. Intermediate values have been omitted for the sake of
clarity. (A) No i.v. treatment given, intermittent P. aeruginosa
isolation continued; (B) 2 weeks of i.v. treatment given, P. aerugi-
nosa continued to be isolated intermittently; five patients received
tobramycin and piperacillin, three received tobramycin and azlocil-
lin, and two received ceftazidime; (C) 2 weeks of i.v. treatment
given, P. aeruginosa not isolated except when marked (*). Four
patients received tobramycin and piperacillin, and one received
ceftazidime. The lower level of detection was 140, and the upper
limit for controls (99.9% confidence limits) was 270 (mean + 3.291
times SD).
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positive specimens) from 10 of 15 patients. In spite of a
transient increase in titer after half the courses of antibiotic
treatment, within approximately 1 month the titer decreased,
although it remained greater than control levels. Within the
next few months after treatment, however, titers began to
increase again to reach the starting level within approxi-
mately 10 to 13 months (Fig. 2B). All patients received 2
weeks of i.v. antibiotics: five received tobramycin and
piperacillin, three received tobramycin and azlocillin, and
two received ceftazidime.
Treatment was followed by no further isolations of P.

aeruginosa from the other five patients. The titer decreased
to within the control range during the 14 to 32 months
following treatment in four of these five patients (Fig. 2C).
The clinical state of these four patients improved slightly
during the study period (Table 3). One patient remained free
of P. aeruginosa, with titers within the range of control
titers, for 5 months following i.v. therapy, but P. aeruginosa
was then isolated intermittently throughout the rest of the
study period. Serum samples taken 9 and 21 months after i.v.
therapy showed that titers had risen to above control values
(535 and 590, respectively). i.v. treatment was continued for
2 weeks in all cases: four patients received tobramycin and
piperacillin, and one patient received ceftazidime.
There was no difference between patients in whom infec-

tion was and was not eradicated in the following character-
istics: age, sex, previous organism isolation, antibiotic treat-
ment, and length of time of raised titers or of P. aeruginosa
isolation before treatment. There was no statistically signif-
icant difference between the initial titer, the Shwachman
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FIG. 3. Effect of steroid treatment on titer of IgG antibody in
patients with CF. The IgG titer in serum is the sum of individual
titers to strains with serotypes 1, 3, 6, 9, 10, and 11 and a strain that
could not be serotyped. The dashed lines define the lower limit of
detection (bottom) and the upper limit of controls (top) (99.9%
confidence limits). The hatched areas indicate continuous treatment
with prednisone. The arrow shows the start of intermittent isolations
of P. aeruginosa from the respiratory tract.

score (17), the Chrispin-Norman X-ray score, or the FEV1
% predicted (forced expiratory volume achieved in 1 s

expressed as a percentage of that predicted by height and
sex) for the two groups of patients. At the end of the study
period, clinical parameters of treated patients had improved
slightly to become broadly similar to those of untreated
patients. Titers, which initially were not significantly dif-
ferent between treated and untreated patients, were finally
significantly lower in both treated groups than in untreated
patients (P < 0.05).

Effect of continuous steroid treatment. Two CF patients
had raised titers (385 and 840, respectively) before the first
isolation of P. aeruginosa. They then began continuous
steroid treatment (prednisone), as they had significant bron-
chospasm which was only partially responsive to broncho-
dilators, but they were otherwise in excellent general condi-
tion. Continuous steroid treatment was accompanied by a

rapid decline in titer to the lower level of detection in both
patients (titer, 140) (Fig. 3) and by a decrease in IgG
concentration in serum from the middle (7.5 and 10.2 g/liter)
to the lower end of the normal range (5.1 and 5.0 g/liter).
During the following 9 to 22 months of continuous steroid
treatment, the titer and the IgG concentration remained at
these low levels in both patients, despite intermittent isola-
tions of P. aeruginosa throughout the study period.

DISCUSSION

The results presented here are the outcome of a prospec-

tive longitudinal study of the measurement of anti-pseudo-
monal IgG antibodies in all the CF patients in our hospital
from whom P. aeruginosa was isolated for the first time
during a period of 3 years.

An increase in IgG titer in serum above the range of
control values was detected up to 24.5 months before P.
aeruginosa was present in sufficient numbers to be isolated
from the respiratory tract of 24 of 33 CF patients. There was

no correlation between titer and time before isolation of P.

aeruginosa over the whole group of 24 patients, but when
serial samples were available from individual patients, they
revealed a gradual increase in IgG titer with time, suggesting
continuous antigen presence. We have previously reported
that IgG titers measured by this assay were low in both CF
patients and other pediatric patients who had no history of P.
aeruginosa infection (3, 5). Furthermore, the contribution of
cross-reacting antibodies, directed primarily against other
bacteria, to this assay was negligible (5). There were, how-
ever, a minority (5 of 29) of patients from whom the
organism was isolated at a very early stage of infection;
antibody titers were normal before the first isolation but
increased within the following 6 weeks.

P. aeruginosa was subsequently isolated intermittently (26
to 76% positive specimens) from all 29 of these patients, and
isolation was accompanied by further increases in titer that
were fast or slow in different patients. This increase in titer
presumably reflects the continuous and increasing bacterial
load and signifies early P. aeruginosa infection in all 29
patients.

In contrast, P. aeruginosa was isolated once or twice from
four patients but no systemic immune response was detected
over 1 to 3 years. This implies either that the isolates were
transient or that the local immune response was completely
adequate and prevented any significant tissue invasion. The
total IgG concentration in serum of these patients was within
the normal range throughout the study period, so they did
not have a low humoral immune response. Even if the
serotype of organisms from these patients was not among
those included in the ELISA, antibodies directed against the
outer membrane proteins would be detected, and these are
highly conserved in P. aeruginosa (8, 13).

P. aeruginosa infection was apparently eradicated in some
patients after treatment: the organism has not been isolated
for 1 to 3 years. The return of titers to the lower end of
control values implies removal ofthe antigenic stimulus, i.e.,
P. aeruginosa, and therefore by inference the removal of the
cause of infection. In one of these patients, however, infec-
tion has subsequently recurred: the organism was isolated
after an interval of 5 months, and titers increased above the
control range, confirming the recurrence of infection.

In other patients, however, pseudomonal infection re-
mained despite treatment. There was no difference between
these patients and those in whom the infection was appar-
ently eradicated in any of the clinical parameters examined.
There was no clear-cut difference in initial titers between the
two groups of patients as a whole.

Patients who were treated with i.v. antipseudomonal
antibiotics were initially in a slightly worse clinical state than
those who were not treated. One year later, after treatment,
this situation was reversed. Changes in titer showed the
same trend of worsening infection among untreated patients
and improvement in treated patients. None of the changes in
clinical parameters or their starting values were statistically
significant, nor was there a significant correlation between
titer and clinical parameters. Pseudomonal infection in these
patients was at a very early stage, so it may not have been
detected by these relatively crude measures of infection.
Furthermore, the clinical parameters will also be affected by
the severity of previous nonpseudomonal infection, which
differs in different patients. In chronic infection, during
which the changes are larger and are due solely to P.
aeruginosa, we have shown a significant correlation between
titer and both Chrispin-Norman X-ray score and Shwach-
man score (3).

Despite the lack of statistical significance, the improve-
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ment in a group of patients who were initially iller is
encouraging. The possibility of eradicating the infection
would have an even greater effect on the long-term prognosis

and survival of patients and is in complete contrast to
established clinical experience with chronic infection.

Continuous steroid treatment given to two patients with
elevated titers was accompanied by a sharp decrease in titer
to the lower level of detection and in total IgG concentration
in serum to the bottom of the normal range. Other workers
have shown that CF patients given prednisone for 4 years

had significantly lower IgG concentrations than untreated
patients (1). It therefore seems that there are essentially no

IgG antipseudomonal antibodies in the serùm of these pa-

tients, and hence none are available for transduction through
the lungs. This may be beneficial for the patient: the forma-
tion of immune complexes, and accompanying tissue dam-
age, is less likely in the absence of high levels of antibodies.
Alternatively, if other components of the systemic or local
humoral immune response are either initially inadequate or

depressed by steroid treatment, then the effects of extracel-
lular pseudomonal virulence factors will not be inhibited by
antibody binding. Continuous steroid treatment may also
affect pulmonary clearance of organisms (2, 15). Further
longitudinal studies with patients receiving continuous ste-
roid treatment are needed to clarify these points.
These results confirm and extend our previous finding that

this ELISA gives a very early diagnosis of pulmonary
infection by P. aeruginosa (3, 5), with the notable exception
of patients receiving continuous steroid treatment. It has
been suggested that many CF patients initially become
colonized with P. aeruginosa, which is followed some time
later by infection. The host immune response has been used
to identify infected patients (9, 14). The counterimmunoe-
lectrophoresis techniques used in the past are now replaced
by the more sensitive ELISA (14). The time at which
infection is determined to have begun is dependent on the
method of measurement used. It is also somewhat arbitrary:
the level at which harmless colonization, which may cause a

slight increase in systemic antibody levels, changes into
early infection may be open to debate. What is perhaps more
relevant is the ability to delay or prevent the progression of
infection.
The possibility of eradicating P. aeruginosa infection by

i.v. treatment, which we have now demonstrated, has con-

siderable implications for the prognosis of patients with
raised titers from whom the organism is isolated intermit-
tently. Carried to its logical conclusion, i.v. treatment of
patients who have raised titers but from whom P. aeruginosa
has not yet been isolated should delay or prevent the
appearance of the organism in samples. We are currently
investigating the effect of antipseudomonal treatment, on the
basis of raised titer alone, on patients both before and after
isolation of P. aeruginosa. The effect of such early treatment
on the appearance of resistant strains and the rate of relapse
(i.e., reappearance of infection) should also be clarified.

ACKNOWLEDGMENTS

We thank Glaxo Laboratories and the Cystic Fibrosis Research
Trust, United Kingdom, for financial support.

LITERATURE CITED
1. Auerbach, H. S., M. Williams, J. A. Kirkpatrick, and H. R.

Coulten. 1985. Alternate-day prednisone reduces morbidity and
improves pulmonary function in cystic fibrosis. Lancet ii:686-
688.

2. Blackwood, L. L., and J. E. Pennington. 1982. Dose-dependent
effect of glucocorticosteroids on pulmonary defenses in a ste-
roid resistant host. Am. Rev. Respir. Dis. 126:1045-1049.

3. Brett, M. M., A. T. M. Ghoneim, and J. M. Littlewood. 1986.
Serum antibodies to Pseudomonas aeruginosa in cystic fibrosis.
Arch. Dis. Child. 61:1114-1120.

4. Brett, M. M., A. T. M. Ghoneim, and J. M. Littlewood. 1987.
Serum IgG antibodies in patients with cystic fibrosis with early
Pseudomonas aeruginosa infection. Arch. Dis. Child. 62:357-
361.

5. Brett, M. M., A. T. M. Ghoneim, J. M. Littlewood, and M. S.
Losowsky. 1986. Development of enzyme linked immunosorbent
assay (ELISA) to detect antibodies to P. aeruginosa cell surface
antigens in sera of cystic fibrosis patients. J. Clin. Pathol. 39:
1124-1129.

6. Chrispin, A. R., and A. P. Norman. 1974. The systemic evalu-
ation of the chest radiograph in cystic fibrosis. Pediatr. Radiol.
2:101-106.

7. Gibson, L. E., and R. E. Cooke. 1959. A test for concentration
ofelectrolytes in sweat in cystic fibrosis of the pancreas utilizing
pilocarpine iontophoresis. Pediatrics 23:545-549.

8. Hancock, R. E. W., A. W. Wieczorek, L. M. Mutharia, and K.
Poole. 1982. Monoclonal antibodies against Pseudomonas aeru-
ginosa outer membrane antigens: isolation and characterisation.
Infect. Immun. 37:166-171.

9. Hoiby, N. 1977. Pseudomonas aeruginosa infection in cystic
fibrosis. Acta Pathol. Microbiol. Scand. Sect. C Suppl. 263:1-
95.

10. Lentner, C. (ed.). 1981. Geigy scientific tables, 8th ed., p. 30-33,
192, 205, 208. Ciba-Geigy, Basel.

11. Liu, P. V., H. Matsumoto, H. Kusama, and T. Bergen. 1983.
Survey of heat-stable major somatic antigens of Pseudomonas
aeruginosa. Int. J. Syst. Bacteriol. 33:256-264.

12. Mearns, M. B., G. H. Hunt, and R. Rushworth. 1972. Bacterial
flora of respiratory tract in patients with cystic fibrosis, 1950-
1971. Arch. Dis. Child. 47:902-907.

13. Muthiara, L. M., T. I. Nicas, and R. E. W. Hancock. 1982. Outer
membrane proteins of Pseudomonas aeruginosa serotype
strains. J. Infect. Dis. 146:770-779.

14. Pederson, S. S., F. Espersen, and N. Hoiby. 1987. Diagnosis of
chronic Pseudomonas aeruginosa infection in cystic fibrosis by
enzyme-linked immunosorbent assay. J. Clin. Microbiol. 25:
1830-1836.

15. Pennington, J. E., and M. G. Ehrie. 1978. Pathogenesis of
Pseudomonas aeruginosa pneumonia during immunosuppres-
sion. J. Infect. Dis. 137:764-774.

16. Pier, G. B. 1985. Pulmonary disease associated with Pseudomo-
nas aeruginosa in cystic fibrosis: current status of the host-
bacterium interaction. J. Infect. Dis. 151:575-580.

17. Shwachman, H., and L. K. Kulczycki. 1958. Long term study of
one hundred and five patients with cystic fibrosis. Am. J. Dis.
Child. 96:6-15.

18. Swinscow, T. D. V. 1983. Statistics at square one, 8th ed., p. 71-
76, British Medical Association, London.

J. CLIN. MICROBIOL.


